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I INTRODUCTION 
Since the isolation of the first steroid hormone by Doisy and 
co-workers in 1929 (l) and by Butenandt (2) later that same year, 
the primary purpose of hormone research has been to discover pre-
cisely by what mechanism minute amounts of t hese chemicals are able 
to exert such drastic and specific physiologic changes in the animal 
organism. Androgens, for instance, are known to control t he growth 
of the male reproductive organs and the development of the secondary 
male sex characteristics as 1vell as influence muscular growth (3) • 
They are essential for the normal physiological functioning of the 
reproductive organs. They contvol the secretory activity of the 
glands associated with the genital tract and influence the develop-
ment of healthy sperms. 
I t is known that testosterone is produced by the testes of the 
bull (4) , stallion (5) and man (6), and th~t androgenic material is 
produced to a lesser degree by the ovaries of the female and by the 
adrenals. The steroid hormones are continuously metabolized. An av-
erage of 14 mg. of 17-ketosteroid metabolites is excreted daily in the 
1:trine of normal men (7). Obviously, the relationship between these 
metabolites and the primary hormones as well as the site of their con-
version must be kno~m for an understanding of the diverse physiological 
roles of these primary hormones and for an understanding of the signi-
ficance of urinary steroids in health and disease. 
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Virtually nothi..ng is lmown about the mechanisms by which 
androgenic hormones induce these physiological and anatomical 
changes. It has been suggested (8) that hormones act as acti-
vators or inhibitors of enzyme systems. Hormones are rapidly me-
tabolized by many tissues (9, 10, 11, 12) to less active or com-
pletely inactive steroids. This may suggest that the hormones are 
metabolized as a result of their action on these enzyme systems. 
On the other hand it may be just another example of the familiar 
pattern of the body's system of checks and balances. The hormones 
are continuously secreted into the blood stream by the endocrine 
glands while their metabolites are excreted as fast as the primary 
hormones are formed. Thus, minute amounts of these hormones are= 
present in the tissues at any one time. 
It is precisely this circumstance - the extremely small concen-
tration of the hormones in the tissues - that has made a study of 
their metabolism so difficult. Tlds difficulty can be overcome to a 
degree by in vitro experiments in which hormones can be used in 
b; gher concentrations than are found in the normal tissue. This also 
increases the concentrations of t he metabolites formed, but the total 
quantity produced per weight of t issue is still very small thus 
making the identification of all but the main metabolites veJ;J dif-
.ficult. 
The ansvrer to these tecru1ical problems is the development of 
new and better technics for the isolation, separation and identi-
fication of minute amounts of steroids. In this paper is pre-
sented a technic for isolating and identifying small amounts of 
steroid ketones as colored derivatives along with their identifi-
cation by means of infra-red absorption spectroscopy utilizing a 
new method of sample preparation developed by StLmson (1952) (13). 
This new method of separation and identificat.ion was then applied 
to an extract from the in vitro interaction of testosterone with 
human serum, which has been shmm to be able to metabolize this 
steroid (14). 
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HISTORY 
The study of androgen metabo.lism cannot really be said to 
have started much mo~e than twenty years ago. There were made 
important discoveries related to this subject before this time 
which formed a necess~ background for the field. The effects 
of castration on male animals have been known since prehistoric 
times. Berthold, in 1849 (15) shorTed that the secondary se:x char-
acteristics of a cock, its comb and wattles, could be regenerated 
in a castrated animal by transplanting testicular tissue into it. 
McGee (16) in 1927 prepared a cell-free extract of testicular tis-
sue and demonstrated that, when injected into a castrated cock, it 
had the same effect as transplanted testicular tissue suggesting 
that this effect was hormonal in character. This knowledge was 
used in the development of a quantitative test for androgens in 
1929 by Gallagher and Koch (17). 
In 1931 Butenandt isolated the first androgen (18) from human 
urine. This was characterized and named androsterone (19, 20). In 
1935 testosterone was isolated from the testicular tissue of bulls 
by David et al (4). This hormone was subsequently isolated from 
human testes by Brady, (6). No other steroid isolated to date sur-
passes testosterone in androgenic activity. Testosterone is regarded 
as the primary male hormone of man. Other related compounds have 
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been isolated from. natural sources, and a number of inactive ste-
roids have been isolated from urine. 
To this date, testosterone has not been isolated from human 
peripheral blood and though it is apparently continuously secreted 
by the testes it is not excreted in normal urine. Therefore, 
researchers have had to resort to indirect measurement of a man' s 
output of testosterone ·Py meas~~g the level of the metabolites 
of the male hormone excreted in the urine. As early as 1939, 
Dorfman (21) and his co-workers found by in vivo technics that tes-
tosterone is metabolized to androsterone in the human. Callow (22) 
fo1md that in addition to androsterone its 5- ep:i.rn.er , etiocholan-3 ;:5" 
-ol-17-one, is produced by the human in the metabolism of testoste-
rone. In 1940 Dorfman ( 23) found the ~-hydroxy isomer of androste-
rone, isoandrosterone to be another metabolite . West et al (24) 
,) . 
showed that testosterone was metabolized to etiocholan-3« ,17;9-diol 
by human subjects in vivo. All these compounds, as well as the other 
androgens present, may of course be further metabolized. Thus dehy-
droisoandrosterone is metabolized to ~5-androstene-3ft,l7d..-diol and to 
etiocholane-3q,l7«-diol (25). 
Another line of attack on the problem of steroid metabolism has 
been the study of in vitro metabolism of steroids by various tissues. 
Host of the early in vitro studies utilized a.nimal tissues and are 
not comparable to the in vivo studies which used largely human subjects. 
In 1940, by in vitro perfusions of fresh tissues, Danby {9) 
showed that dog liver and cow kidney inactivated testosterone. 
Schneider and his co-workers (26) have shown etiocholane-
3«ol-17-one to be converted to both etiocholane-3~,17~-diol and 
etiocholane-3q, 17a-diol by rabbit liver slices. These workers 
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also showed that androsterone is metabolized to androstane-3d, 
17~-diol. Testosterone was shown to be metabolized to A4-andro-
stene-3 ,17-dione by incubation with rabbit liver slices (10). 
Wotiz and his collaborators have shown a variety of human tissues 
both normal and diseased, to be capable of metabolizing testoste-
rone to ~4-androstenedione (11, 12) and other unknown metabolites. 
As these various lines of investigation probed more and more 
deeply into the problem of steroid metabolism, the limiting factor 
was usually the available technics of separating the components of 
steroid mixtures and of identifying them. Gallagher and Koch devel-
oped a quantitative test for androgens in 1929. Two years later the 
first pure androgen had been isolated with the help of this test. 
Technics for identification had to come first. All the early work 
was done with the aid of bio-assays using either Koch's coxcomb test 
or the Loewe-Moora test showing changes in the seminal vesicles of 
rats. These tests ware of great importance as long as the main 
problem was one of identifying the androgenic substances. Once the 
molecular structures pf these compounds became known and the problems 
became those of measuring quantitatively substances already known 
to be present, the more specific chemical and physical methods 
came into use. 
Of the chemical tests one of the earliest and still widely 
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used is the Zimmermann (27, 28) reaction. Zimmermann used an alco-
holic solution of m-dinitrobenzene in the presence of alkali to 
give a colored compound with a ketonic steroid. The color depends 
on the presence of an activated methylene group adjacent to a car-
bonyl group. The reaction is very sensitive and Zimmermann was able 
to detect as little as 10 microgram of androsterone. The reaction 
is positive for any. ketone with an adjacent methylene or methyne 
group. It was later modified by others (29) and the procedure most 
-vddely used is based on the modification by Callow, Callow and Emmens 
(30). · Gornall and MacDonald (31) used 2,4-dinitrophenylhydrazine for 
the quantitative determination of ketonic steroids extracted from 
urine, blood plasma and tissue extracts. The sample is lieated with 
acidified 2,4-dinitrophenylhydrazine for ninety minutes. Then alkali 
is added and the color measured in a colorimeter. 
Since most androgens are ketonic, a number of reagents specific 
for this funtional group have found great use in this field. Most 
of these reagents are some sort of hydrazine derivative. The most 
widely used is Girard• s Reagent T, the hydrochloride of trimethyl-
&~noaeetohydrazine (35). The ketonic steroids can be converted to 
water soluble derivatives with this reagent, purified by washing 
with ether and then hydrolyzed again to the free steroid with 
strong acid. Aldehydes will also react but cannot be hydrolyzed. 
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The technic to which researchers in the field of steroid 
metabolism owe much is chromatography. Developed in 1906 by Tswett 
(37) it has become a powerful tool of the biochemist. It is a 
method of using adsorption in a counter current manner as opposed to 
batchwise adsorptive separations. The adsorbent and eluent move 
continuously in opposite directions past each other. The adsorbent, 
usually an oxide of silicon, magnesium or aluminum, is packed into 
a column. The mixture to be separated is applied to the top of the 
column and eluents are then passed through. As the eluent passes 
through the zone where the steroid is adsorbed an equilibriura state 
tends to be approached bet-vreen the adsorbed substance and the dis-
solved substance. This equilibrium depends on many factors besides 
the nature of the adsorbent, the adsorbed substance and the eluent. 
It depends on the temperature, on the nature of the other substances 
in the mixture to be separated, on the purity of the eluent and on 
the previous history of the adsorbent. As the fresh eluent enters 
the zone, the adsorbed substances are partially extracted, the less 
strongly adsorbed substances and the more soluble substances being, of 
course, extracted to a greater extent than the others. As the eluent 
containing these dissolved substances passes out of the zone it 
comes in contact with fresh adsorbent. The equilibrium shii'ts 
to the left and the dissolved substances become adsorbed again 
until the eluent is depleted. This results in each substance 
moving as a zone down the column, the fresh eluent dissolving the 
adsorbed substance at the top of the zone and the fresh adsorbent 
re-adsorbing the substance again at the bottom of the zone. The 
·less strongly adsorbed substances and the more soluble substances 
move at . a more rapid rate than the others and as the column is 
developed a series of zones is formed. These zones can be separ-
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ated from each other either by extruding the column and cutting it 
into sections or by letting the zones be eluted at the bottom of 
the column. Often these zones contain relatively pure substances. 
If these zones still contain mixtures of substances which happen to 
move at more or less the same rate in the chromatographic system used, 
each zone can then be re-applied to a fresh column. Sometimes mere 
repetition will separate the components completely; in other cases 
a different adsorbent or different eluents may be needed to effect 
separation. Using this technic Dobriner and his co-workers (38 , 39) 
were able to isolate forty-t;TO crystalline products from the neutral 
ketosteroid fraction of male and female urine. A variation of the 
chromatographic technic is partition chromatography invented by 
llfurtin and Synge (40). The substance, instead of being distributed 
between an adsorbed and a dissolved state, is distributed between 
two :immiscible liquid phases. One of these liquid phases is held 
immovable, on a stationary support such as starch or silica gel 
while the other phase is mobile. 
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T~~ technic was soon extended (41) to the use of paper strips 
instead of columns as the supporting medium. Such paper chromato-
grams have a great advantage of convenience over the conventional 
colurnns • They can be handled easier. They can easily be dried and 
stained with various reagents. Positions of 11 spots11 can be marked 
and the chromatogram itself can be kept as a permanent record. For 
qualitative work extremely small quantities of substances can be 
separated from in~urities and detected. 
The technic was developed originally for the separation of amino 
acids with water as the stationary phase, to take advantage of the 
fact that the amino acids and many of their derivatives are soluble 
to varying degrees in water. T~.is is of no advantage in the separa-
tion of steroids. In 1949 Za.ffaroni et al (42) tried to adapt this 
technic to the separation of steroids by making water soluble deriv-
atives of them with Girard's Reagent T. Their results were not too 
satisfactory. Burton et al (43) solved the problem by substituting 
for the water phase a liquid in which the steroids themselves are 
slight ly soluble such as formamide or propylene glycol. For the 
mobile phase they used benzene. 
Because chromatographic columns cannot be readily stained by 
such reagents, various investigators have tried chromatography of 
colored derivatives of steroids. In 1941 Coffman (44) developed 
a method for separating and identifying hydroxy steroids by the 
chromatography of their colored p-phenylazobenzoic acid esters. 
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A-lthough 2,4-dinitrophenylhydrazine had been used by many investi-
gators in the chromatography of colored derivatives of carbonyl com-
pounds (45, 46, 47, 48) the method was not applied to the separation 
of androgens until 1947 when Johnson (49) used this method to separ-
ate the 2,4-dinitrophenylhydrazones of five androgens on alumina 
using 10 - 15 per cent chloroform in benzene as the developer. Reich 
(50) extended these studies, and, although he did not use chromato-
graphy to separate any mixtures, he showed that non-hydroxylated steroid 
dinitrophenylhydrazones are eluted from alumina by less polar solvents 
than hydroxylated steroid dinitrophenylhydrazones. He also gave values 
for several physical characteristics such as melting and decomposi-
tion points. 
EXPERIMENTAL 
A - METHODS 
I Serum Incubation 
The metabolites to be identified were obtained by incubating 
testosterone in human serum diluted with a Krebs-Ringer phosphate 
buffer at pH 7.3 having the follmdng composition: 
Sodium chloride 4.5% ••••••••••••••••••••• 50 ml. 
Potassiwn chloride 5.7% •••••••••••••••••• 2 ml. 
Calcium chloride 6.1% •••••••••••••••••••• 0.5 ml. 
Magnesium sulfate 19.1% •••••••••••••••••• 0.5 ml. 
Distilled water ••••••••••••••••••••••••••212 ml. 
Phosphate buffer 
(lh.2 gm. Na2HPOh and 20 ml. lN HCI diluted 
to 1000 ml. with water) •••••••••••••••• 52.5 ml. 
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This buffer was made up fresh every week. Each incubation mi..xture 
consisted of 40 ml. of buffer, 2 ml. of freshly drawn human serum 
and 2 to 10 mg. testosterone. The mixtures were incubated at 38 ° C 
overnight. In a preliminary experiment a mass-incubation was run 
using t -vro batches each consisting of 800 ml. of buffer, 40 ml. of 
serwn, and 100 mg. of testosterone. In such mass-incubations, how-
ever, testosterone appears to be metabolized to a smaller extent than 
in an equivalent nwnber of small incubations (51). 
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II Preparation of Neutral Fraction 
e The incubation mixtures were combined and extracted with four 
portions of ethyl ether. The ether extract was washed with one 
portion of ice cold 0 .lN NaOH and with water until neutral. The 
ether was distilled to dryness in vacuo and the residue was parti-
tioned t vrice between ligroin and 70 per cent methanol. This left 
most of the cholesterol and fatty substances in the ligroin phase, 
while retaining the steroids in the aleoholic phase. 
III Digitonide Preparation 
When digitonin was used to separate the steroids having a 3~­
hydroxy configuration the method of Dobriner (38) was used. A 90 
per cent ethanolic solution containing l per cent of steroid and 
1.2 per cent digitonin was prepared. After tlvo hours the precipi-
tate was centrifuged off. The precipitate was then hydrolyzed ~rlth 
pyridine and the digitonin was removed by precipitation with ether. 
IV Paper Partition Chromatography 
Savard' s (52) method of paper partition chromatography was 
used. \fuatman No. l filter paper, extracted with alcohol, was cut 
into l x 45 em strips. These were impregnated with propylene glycol 
by dipping into a 50 per cent solution of propylene glycol in metha-
nol and removing the excess by blotting. The extract, dissolved in 
methanol, was applied near one end of the strip and the solvent was 
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evaporated with a jet of air . The strips were then hung in an air-
tight chamber saturated with the vapors of propylene glycol and of 
the movi_ng solvent, usually ligroin. The upper end of the strip 
dipped into a reservoir of the moving solvent. After completion of 
the development the paper strips were dried in an oven and stained 
with Zimmermann's reagent according to the method described by 
Savard. This consisted in immersing the paper strip in a 2 .5N 
solution of potassium hydroxide in ethanol, removing the excess 
reagent by blot·jjing, dipping the strip in a 2 per cent solution of 
m-dinitrobenzene in ethanol, and again blotting off the excess re-
o 
agent. The colors were developed by warming the strip at 70 C in an 
oven for two minutes. 
V Girard Separation 
In some experiments the ketonic steroids were isolated by means 
of Girard's Reagent T (35). Girard's original procedure •.ras essentially 
followed. For forming the Girard derivatives of 200 mg. of steroid, 
the material was dissolved in 20 ml. of 95 per cent ethanol. To this 
3 ml. of glacial acetic acid and 1 gm. of trimethylaminoacetohydrazide 
hydrochloride were added. The solution rtas refluxed for one hour and 
left in the refrigerator overnight. The mixture rms then dilu·ted with 
176 ml. of water, 60 g. of crushed ice and neutralized with 23 ml. of 
2N sodium hydroxide. The non-ketonic material -rras extracted with 
three portions of ether. The aqueous layer was then treated with 
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32 ml. of concentrated hydrochloric acid overnight. This was then 
extracted four times with 75 ml. of ether and the ether layer was 
washed with 5 per cent sodium carbonate colution three times, fol-
lmmd by washing with water. The ether layer containing the ketonic 
.fraction l<ras dried with anhydrous sodium sulfate and taken to dryness 
in vacuo. 
VI Physical Constants. 
All melting points were taken on a Fisher-Johns melting point 
apparatus and are uncorrected. Ultraviolet spectra were taken on a 
Beckman model DU spectrophotometer and infra-red spectra on a Perkin-
Elmer model 21 infra-red spectrophotometer. All microanalyses were 
done by the laboratory of Dr. Steven Nagy at the Massachusetts 
Institute of Technology. 
B - RESULTS 
Characterization of Steroid 
2,4-Dinitrophenylhydrazones 
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The 2,4-dinitrophenylhydrazones (DNPH) of twelve steroids were 
prepared according to the method of Wotiz et al. (53). 100 mg. of 
the steroid were dissolved in 10 ml. of 95 per cent ethanol. To this 
were added 10 ml. of a hot, saturated solution of ~-dinitrophenyl­
hydrazine in absolute ethanol. After the mixture was heated for five 
minutes on a steam bath 10 drops concentrated hydrochloric acid were 
added and the heating continued for fifteen minutes. If the pro-
duct had not begun to crystallize out from the hot reaction mixture 
by this time a little distilled water was added until the solution 
just became turbid. The product was allowed to crystallize out slow~ 
and was filtered with suction. The DNPH•s were recrystallized until 
their melting points remained constant. The mono-dinitrophenylhydra-
zones were recrystallized from a mixture of ethanol and ethyl acetate. 
The bis-dinitrophenylhydrazones were quite insoluble in this mixture 
and were recrystallized from benzene. The derivative was dissolved 
in methylene chloride and boiled until the solution was very con-
centrated at which time hot benzene was added and the solution gently 
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swirled . If the met~~lene chloride solution was concentrated anough, 
the product usually started to crystallize out from the hot benzene 
in a few seconds. The melting points are given in Table I. Some 
difficulty was experienced in obtaining a constant melting form of 
11-deso.x:ycorticosterone-bis-2,4-dinitrophenylhydrazone. The product 
0 
first obtained melted at 165-175 • Even with repeated recrystalli-
zations the melting point could be brought no higher than 185-191°. 
A second batch of the material was made up. The crude product this 
time melted at 202-300° with decomposition. After recrystallization 
the pure product, decomposing at 266° without melting, was obtained. 
Of the twelve compounds only five had distinct melting points. 
The others, with the exception of cortisone-bis-DNPH, decomposed at 
high temperatures. The dini. trophenylhydrazones of cortisone, corti-
costerone and llek,-hydroxyprogesterone melted with decomposition. In 
the case of the dinitrophenylhydrazones of progesterone, adrenosterone, 
androstenedione, and desoxycorticosterone the red-orange crystals 
shrank and became grayish red and finally turned black and carbon 
like vJi thout ever melting. This change occurred over a range of ten 
to twenty degrees and as a result, the values given can only be taken 
as rough approximations. 
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Table I 
Analyses and Melting Points of DNPH Derivatives 
Melting %N %N 
Compound Points calcu:Lated found 
Pregneno lone-mWH 258-262 11.28 10.98 
Androsterone-DNPH 241-244 11.91 11.99 
Dehydroisoandrosterone-DNPH 247-249 11.96 11.51 
17-Hethyltestosterone-DNPH 233-238 11.61 11.49 
Testosterone-DNPH 216-217 11.96 ll.9h 
Progesterone-bis-DNPH d (285) 16.61 16.19 
11~-hydroxyprogesterone-
bis-DNPH 284-286 d 16.23 15.70 
A4-androstenedione bis-DNPH d (285) 17.33 16.76 
Adrenosterone-bis -DNPH d (290) 16.96 16.10 
Cortisone-bis-DNPH 235- ? d 15.55 1.5.90 
Corticosterone-bis-DNPH 286-290 d 
11-desoxycorticosterone-
bis..;DNPH d (266) 
When the compounds were slowly warmed on the melting point apparatus 
a deepening of the color was frequently noticed. Yellow compounds 
tended to become orange and the red-orange compounds became a deep red. 
With several purified compounds it was observed that if the crystals 
were suddenly heated to an elevated temperature but still below their 
melting point, the compounds melted partially and spontaneously re-
crystallized. Thus a sample of testosterone-DNPH heated suddenly to 
0 . 
175 melted partly, recrystallized and on further heating melted again 
at 215-217°0. Dehydroisoandrosterone-DNPH melted completely when 
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suddenly heated to 239°0 but immediately recrystallized and on further 
heating melted at 247-249°0. This behavior was also noted rTith the 
dinitrophenylhydrazone of methyltestosterone. 
Nitrogen determinations were done on all but two of the products. 
The results are given in Table I. No nitrogen determinations were 
done on corticosterone-DNPH and 11-desoxycorticosterone•DNPH since 
after the final recrystallization not enough purified product remained 
for analysis. All analyses were within 4 per cent of the calculated 
values except that of adrenosterone-bis-2,4-dinitrophenylhydrazone. 
The nitrogen analysis on the first batch gave a value of 15.5 per cent 
nitrogen which is almost ten per cent below the calculated amount. 
Another small quantity of material was synthesized and recrystallized 
three times from benzene. The analysis was repeated and the same 
value was obtained. Apparently the material contained some .excess 
solvent, for, when it was desiccated at 100°0 under vacuum for four 
hours and the analysis repeated, a value of 16.1 per cent was obtained. 
Ultraviolet spectra were taken of all twelve derivatives. The 
absorption curves are shown in Figures 1 and 2. The abscissae represent 
-vmve length and are calibrated in millimicra. The ordinates are given 
in terms of the molar absorbance, ., which is defined by the equation: 
• 
D 
- ca: 
where Q is the optical density, £is the concentration of the soluti6.n 
in moles per liter, and Q is the thickness of the absorption cell. 
Chloroform was used as the solvent in all cases because of 
the loli solubility of many of the hydrazones in methanol. The 
wave lengths of ma.x:imum absorption, } max., and the corresponding 
molar absorbances are given in Table II. 
Table II 
Absorption MaKima of Steroid-DNPH•s 
P~drosterone-DNPH 
Dehydroisoandrosterone-DNPH 
Pregnenolone-DNPH 
Testosterone~DNPH 
Methyltestosterone-DNPH 
~4Androstenedione-bis~DNPH 
Progesterone-bis~DNPH 
11~-Hydroxyprogesterone-bis-DNPH 
Cortisone-bis-DNPH 
Cort icosterone-bis-DNPH 
Desoxycorticosterone-bis-DNPH 
Adrenosterone-bis-DNPH 
Infrared Spectra 
A max 
370 
368 
370 
392 
394 
380 
382 
382 
386 
386 
386 
376 
24,800 
23,700 
23,900 
31,000 
31,000 
48,800 
49,700 
48,800 
49,000 
44,900 
50,400 
43,6o0 
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Infrared spectra were recorded for all products. These are re-
produced in Figures 3-14. The dinitrophenylhydrazones are compara-
tively insoluble in the solvents usually used for infrared analysis. 
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Acetone, chloroform and methylene chloride are excellent solvents 
for these materials but they could not lJe used because they obscured 
too much of the so-called "fingerprint :region11 • Specifically, all 
the region from 650 to 850 em -l is completely obscured by chloroform 
-1 -1 
and t here are strong peaks at 925 em .and 1045 em As can be 
seen these are among the most intportant regions for identifying the 
2,4-dinitrophenylhydrazones. It was, therefore, decided to record 
the spectra in the solid state. Three methods were tried: 
1) depositing the material from solution on a 
sodium chloride cr,rstal, 
2) suspending the material in a nujol mull, 
3) pressing the material into a potassium bromide 
window. 
The last method was the most satisfactory and is the one which was 
used for all spectra. The method was f 'irst described by Stinlson 
and o•Donell (13) and was further developed by Schied (54) and by 
Ingebritson (55). For the spectra here: reported 250 mg. of pure 
powdered potassium bromide, optical gr;;~de, were ground with about one 
milligram of the dini trophenylhydrazonE! in an agate mortar for 
approxinlately ten minutes. The mixturE! was then sifted through a 
100 mesh sieve and placed in a die sinlj.lar to that used by 
Ingebritson. The die was closed off and evacuated to approxinlately 
10 mm. of mercury for 10 minutes. 24,000 lbs. of pressure were then 
applied 1d th a hydraulic press to the 12 millimeter die .for 10 
minutes. The vacuum was released and the window was care.fully 
removed .from the die. These windows were generally quite clear 
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and the spectra showed little background absorption due to light 
scattering. When such scattering did occur, it could usually be 
traced back to an impurity in the sample. A potassium bromide win-
dow was made without any sample. This was placed in the re.ference 
beam to neutralize any absorption .from impurities in the potassium 
bromide. Such absorption was always very small and due mainly to 
traces of' water. 
Metabolism o£ Testosterone 
Incubation 
Thirty-six samples were incubated as described previously, 
each consisting o£ 40 ml. of bu£fer, 2 ml. of serum, and 0.5 ml. 
o£ 1 per cent testosterone in alcohol. The total testosterone 
incubated in this experiment was thus 180 mg. and the total amount 
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o£ serum was 72 ml. The samples were incubated 18 hours, extracted 
with ether, washed with 0 .lN sodium hydroxide and finally with water. 
The ether solution was then taken to dryness in vacuo. The residue 
was partitioned twice between 70 per cent methanol and ligroin. The 
methanol £raction was taken to dryriess .in vacuo and dissolved in 
20 ml. of 95 per cent ethanol. The ketonic fraction weighing 162 mg. 
was separated by use o£ Girard's Reagent T. A sample containing 
o.J mg. of this material was applied to paper and chromatographed 
£or 22 hours using the standard ligroin-propylene glycol system. 
YJhen stained with Zimmermann's reagent there appeared a strong blue 
band 3.3 em. from the origin, a weak violet band 18 em. from the 
origin and a faint blue band about 1 em. from the origin. 
2,4-Dinitrophenylhydrazones 
The ketonic fraction (162 mg.) was dissolved in 16 ml. of 95 per 
cent ethanol. To this 16 ml. of a hot ;saturated solution of 2,4-
dini trophenylhydrazine in absolute etha:nol were added. The mixture 
was heated on a steam bath for 10 minut,as. Concentrated hydrochloric 
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acid was added and the heating was continued for 10 more minutes. 
After cooling 2.50 ml. of 1-Jater were added and the dini trophenyl-
hydrazones were extracted vrl. th three portions of' methylene chlor-
ide. The solvent was removed in vacuq and the hydrazones were 
applied to a column containing 30 gms. of silica gel. The fract-
ions obtained from this column are given in Table III. An infra-
red analysis of fraction II did not offer enough clues for identi-
fication of this substance. In an attempt to recover the free 
steroid from the hydrazone by the method of Mattox and Kendall (56), 
the remainder of the fraction was dissolved in 2 ml. of methylene 
chloride, 3 ml. of pyruvic acid and 0.22 ml. of 2.3N hydrochloric 
acid in acetic acid. After the solution had been heated at 45°C 
for 2.5 hours it was diluted with methylene chloride and washed 
with 5 per cent sodium bicarbonate solution. The methylene chlor-
ide fraction was taken to dryness and recrystallized from ethanol. 
A red product melting from 167-171°C was formed; when mixed with 
androstenedione the melting point was greatly depressed. The 
material was applied to a micro column of silica gel and developed 
with benzene. A small yellow fraction came off first, then white 
crystals v1hich sublimed at 100-ll0°C, and finally a small amount of 
red material. The mother liquor from the recrystallization was 
taken to dryness and also chromatographed on a microcolumn. The 
same three fractions (yello-rr, white and red) were obtained. The 
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white product melted at lOO-l50°C. 
Table III 
l!raction Eluent Color m.p. u.v. 
l ligroin-benzene yello'l-r 
19:1 bro'l-m 
gum 
2 ligroin-benzene orange 107-109 
19:1 cry-stals 
3 ligroin-benzene orange 
17:1 brovm 
gum 
4 ligroin-benzene red 163-165 l m.a.x: 
2:1 crystals 390 
to 100% benzene 
5 benzene - ethyl red 
acetate l9tl CIJrstals 
6 benzene-ethyl red-brown 
acetate 9:1 gum 
benzene-ethyl 
acetate 5:1 
Since the use of silica gel in the fractionation of the 
extract treated with D~WH proved itself rather unsuccessful, 
attempts were made to develop better chromatographic systems 
for the separation of the colored steroid derivatives. 
Comparison of Various Methods of Chromatography 
I Paper Chromatography 
The dinitrophenylhydrazones of testosterone, androsterone 
and adrenosterone dissolved in benzene were applied to a 
vfuatman No. 1 fil terpaper strip impregnated with propylene 
glycol as the stationary phase. In each of two experiments 
four strips were run simultaneously. On three of the strips 
the three dini trophenylhydrazones were applied singly so that 
their travel rates could be compared. A mixt').l!'e of the three 
was applied to the fourth strip. In the first experiment these 
four strips were developed with benzene saturated i~th propylene 
glycol. The zones moved rapidly but there was no separation of 
the mixture and no appreciable difference in travel rate. In 
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the second experiment a mixture of 50 per cent benzene and 50 per 
cent ligroin was used as the developing fluid. This eluent devel-
oped the chromatogram even faster and showed no improvement as 
far as separation is concerned. The zones of the pure substances 
in both cases were streaky and ill defined. 
II Methyl Cellulose 
A column was made by pouring a slurry of methyl cellulose in 
benzene into a glass cylinder fitted at the bottom with a stop 
cock and a plug of glass wool. A mixture of the dini trophenyl-
hydrazones of testosterone, androsterone and adrenosterone in 
benzene was poured on the column and allowed to drip through. No 
material was adsorbed. 
III Cornstarch 
Pure cornstarch could not be used for a column because it 
clogged up and would let no benzene percolate through. A column 
v.ras made up, therefore, of a mixture of cornstarch and celite 
( diatomaceous earth). This column also allowed all the material 
to pass through without . ·a d_13 otption. 
IV Talcum 
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A pure talcum colurrua is much too slow to be practical. A 
colunm of a mixture of talcum and celi te could be used but was 
still one of the slowest columns used. Talcura readily adsorbed 
the three dini trophenylhydrazones. When the colunm was developed 
with benzene three distinct zones appeared. The colur1m has several 
drawbacks: It has a small capacity; it is slow; it is hard to 
pack the mixture of celi te and talcum to give an even distribution. 
However, the zones had fairly sharp boundaries. 
V Alumina 
A benzene solution of the dinitrophenylhydrazones of tes-
28 
tosterone, dehydroisoandrosterone and androstenedione was used 
for these experiments • Woelm non-alkaline aluminum oxide was 
used. Four colunms were set up. In the first, second and 
third the slurry was made up of alumina and benzene. For the 
fourth column the slurry was made of alumina and benzene contain-
ing 1 per cent absolute ethanol. After the columns were prepared 
~ 
they were washed with fresh benzene and a small sample of the 
mixture to be separated was applied to each. Fresh benzene was 
then applied. There was no movement in the first three columns 
and only a spreading of the starting zone in the fourth of the 
colurrffis. The first colunm was developed with benzene containing 
1 per cent ether. The zone moved down slovrly and as it -vras eluted 
several fractions were collected. No separation of zones was 
observed and ultraviolet spectra of all fractions showed ma.x:ima at 
378 ~ The second column was eluted with benzene containing 1 
per cent methylene chloride. This showed very slow and gradual 
movement but again no separation was observed. The third column 
was developed directlyvr.ith 100 per cent methylene chloride. The 
zone moved down faster than in the second column but otherwise 
appeared the same. The last column, which had been made up with a 
1 per cent ethanol solution in benzene, was also developed directly 
with 100 per cent methylene chloride. Immediately one zone began 
to move down the colunm relatively rapidly leaving another zone 
at the top. When the first zone was -eLuted the developing liquid 
1-1as s1dtched to methylene chloride containing l per cent ethanol. 
This rapidly removed the rest of the adsorbed material. 
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The two fractions thus obtained were recrystallized from 
benzene. The first fraction eluted with methylene chloride formed 
red-orange neddle shaped crystals which decomposed without melting 
at 298°C. From the recrystallization of the second fraction a 
crop of needle-shaped yellow crystals was obtained which melted at 
203-206°C. The mother liquor from the second fraction yielded an 
orange residue when taken to dryness. 
In an attempt to separate the three components more com~letely 
and also to simulate more closely conditions as they would be found 
if one started with an unknown mixture of steroids, the experiment 
was repeated once omitting the dehydroisoandrosterone and once in-
cluding it as follow·s: A mixture was made of dinitrophenylhydra-
zine and the dinitrophenylhydrazones of testosterone and andros-
tenedione. The mixture was dissolved in ethanol and an adaptation 
of the Reich (57) procedure was used to remove the free dinitrophe-
nylhydrazine. Benedict• s solution was made up by dissolving 10 gm. 
of sodium carbonate and 20 gm. of sodium citrate in 200 ml. of 
water. To this was added 100 ml. of a 2 per cent solution of cupric 
sulfate. About 100 ml. of Benedict's solution was added to the 
hydrazine mixture and shaken. The alcoholic solution was then dil-
uted with >vater and extracted with methylene chloride until the 
water layer was green and the methylene chloride extracts were 
colorless. The methylene chloride was evaporated under vacuum 
and the residue was again taken up in alcohol and treated with 
fresh Benedict's solution. This was repeated until the water 
layer remained blue, indicating that the reaction had reached 
completion. The extracts were washed with water and taken to 
dry~ess. They were applied to a column of alumina made up from 
1 per cent ethanol solution in benzene. A methylene chloride 
fraction was eluted which showed an absorption maximum at 380 ~ 
and decomposed without melting at a high temperature. The re-
maining material was eluted with methylene chloride containing 1 
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per cent ethanol. This had an absorption max:i.Jnum at 390 "' and 
a melting point of ll0°C. 
A mixture of 5 mg. testosterone, 5 mg. androstenedione and 
10 mg. dehydroisoandrosterone was dissolved in 25 ml. of 90 per 
cent ethanol. This was treated twice with digitonin, as described 
under Hethods, to separate the dehydroisoandrosterone from the 
other components. The digitonide-free filtrate was then dried, 
t~~en up in 95 per cent ethanol and treated •r.ith dinitrophenylhy-
drazine. After the excess dinitrophenylhydrazine "1-ras removed with 
Benedict's solution, the dinitrophenylhydrazones were applied to a 
column of alumina made up 1rlth benzene containing 1 per cent etha-
nol. A fraction vms eluted with methylene chloride. A.fter recrys-
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tallization from benzene a melting point was taken . It decompose d 
without melting at 280°C . A second fraction was eluted with 
methylene chloride containing l per cent ethanol . This fraction 
was recrystallized from ethanol and a melting point was taken . 
The sample melted at 155°C . but solidified again on scratching . On 
further heating it melted again at l98-201° C. The sample was 
cooled back to room temperature and the melting point was taken 
again. This time it melted smoothly at 199-201°C . The fraction 
was again recrystallized from ethanol. It again melted at l50°C. 
was re - soliiified and melted again at 20l- 203°C. A mixed melting 
point was taken vnth authentic testosterone-DNPH (m .p. 216-217°C) . 
1 ~ oc The mixture me ted at 1~0 • Scraping the hot melt brought about 
recrystallization. The melt l<Tas cooled to room temperature and 
re -heated. This time it melted smoothly at 20l- 205°C . The fract-
ion shm-red an absorption maximum at .)78 m • 
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Isolation of a Metabolite of Testosterone 
A series of incubations collected over a period of months 
were pooled. They represented a total of 375 mg. of testosterone 
incubated in small amounts with sera from various donors. The 
dinitrophenylhydrazones were prepared and the excess reagent removed 
by the procedures described above. A column containing non-alkal-
ine Woelm alumina in benzene with 1 per cent ethanol was prepared 
and washed w"i th pure benzene. The dimensions of the column were 
1 1/8 inches by 12 inches. The sample was applied with 250 ml. 
of benzene and eluted as summarized in Table IV. Fraction 1, eluted 
-..ri th benzene, gave a very broad absorption peak at 36o mf• vlhen 
concentrated, it gave a brown syrup. On recrystallization from etha-
nol several crops of white crystals were obtained. This brought 
the ultraviolet absorption peak of the sirupy residue up to 364 mr 
An infrared spectrum of this material showed almost complete ab-
sence of any dinitrophenylhydrazone. There was only the character-
istic pattern of an unidentified substance which has appeared as 
an impurity in many samples recovered from serum. 
The second fraction, eluted with methylene chloride was taken 
to dryness and dissolved in 1250 ml. of chloroform. This solution 
gave an ultraviolet absorption maximu.m of 380 1' D "" .605. The 
The recrystallized product decomposed without melting at 275-
28000. An infrared spectrum of tliis compound is reproduced in 
Figure 19. 
Table IV 
Fraction Eluent ~max 
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1 Benzene 360 Yellowish white 
crystals 
2 Methylene Chloride 380 d. 275-280 
red crystals 
3 1% ether in CH2Cl 2 
to 10% ether in 
CH2Cl2 392 red crystals 
4 5% ethanol in CH2cl.2 380 gum 
5 absolute alcohol 245 
A very large fraction was eluted by methylene chloride con-
taining 10 per cent ethyl ether. It absorbed strongly at 392 r~. 
A fourth fraction was eluted uith methylene chloride containing 
5 per cent ethanol. This was rechromatographed on an alumina 
column• Some testosterone-DNPH was slowly eluted with methylene 
chloride. The remaining material was eluted 1-rl.th 1 per cent 
methanol in methylene chloride. It was dissolved in 1250 ml. 
of c~~oroform and an ultraviolet spectrum was taken, (max • 380, 
D .,. .322) . An infrared spectrum showed this was a dinitrophenyl-
hydrazone, but it was of insufficient purity to be identified. 
After all these fractions had been eluted some material still 
remained at the top of the column. The alumina was removed into 
a beaker and washed out with absolute ethanol. This dissolved 
the material. It was taken up in chloroform and anultraviolet 
spectrum was taken. It had an absorption maximum below· 245 r 
at which point chloroform itself absorbs ultraviolet light . 
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Discussion 
The 2, 4-dinitropher~lhydrazones of twelve steroids have been 
characterized. These steroids were so chosen as to form a repre-
sentative cross section of the steroids, with the exception of 
estrogens, commonly encountered in hormone research. As indicated 
in the historical section, some work has already been done in this 
regard, and some of the physical constants reported in this paper 
can be compared with earlier work. As early as 1949, Djerassi and 
Ryan (58) made a study of the ultraviolet spectra of steroid-dini-
trophenylhydrazones. They found that 4 4 unsaturated 3-keto deri v-
atives had an absorption maximum at 390 m~and the corresponding 
saturated allo derivatives at 367-369 mf• Reich and co-workers 
(50, 57) have determined the ultraviolet absorption maxima of a 
large number of steroid d.ini trophenylhydrazones. These agree very 
well with values found here. 
Very little work has been done on the infrared spectra of 
steroid dinitrophenylhydrazones because of their relative insolu-
bility. 
Several of the melting points reported here do not agree with 
those found in the literature. Thus Johnston (49) found that tes-
tosterone-DNPH melted at 203°0. and Djerassi and Ryan (58) found 
that A5 pregnene-3pol-20-one-DNPH melted from 253-254°C. Klein 
(36) reported 282-283°C. as the melting point of progesterone-
bis-D~~I, while Noall (59) gave the value of 287-297°C. (The 
corr esponding values reported in this paper are: 216-217°C., 
0 0 258-262 C., and 285 C., respectively). The .literature of dini-
trophenylhydrazones is replete with conflicting melting points 
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and several explanations have been offered. Both Bryant (60) and 
Ingold (61) found that two modifications of acetaldehyde-DNPH could 
be isolated depending on the method of crystallization. Campbell 
(62) claimed that one -of these was simply an impure form of the 
other. Bryant (63) later stated that these two forms were not 
just different crystalline modifications but an example of "dynamic 
isomerism. 11 Brederick (64a, b) isolated 5-ethoxy-methyl-furfural-
DNPH in two forms-- one, yellow crystals, melting at 212-214°C., 
the other, red crystals, melting at 230°C.-- and postulated that 
these were geometrical isomers about the carbon-nitrogen double 
bond. Allen and Richmond (65) suggested that lack of purity and 
polymorphism may be the cause of these conflicting reports of melt-
ing points. Braddock (66) isolated n-hexylphenyl-DNPH as both red 
monoclinic prisms and orange monoclinic prisms. He regarded these 
as polymorphs. Braddock and his co-workers (67) reviewed these 
theories and came to the conclusion that all the above theories 
were essentially correct for these different cases. They confirmed 
Brederick•s theory on geometrical isomerism~· and shov-Ted various 
dini trophenylhydrazones to be dimorphic. Mixed crystals with 
dinitrophenylhydr~zine were shown to be formed in one case and in 
others incorrect melting points had been reported due to impuri-
ties in .the reagents or arising from side reactions. 
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At various points in the experimental section it was pointed 
out that samples occasionally melted when rapidly heated and then 
recrystallized as heating was slovrly continued. This may well be 
interpreted as a manifestation of polymorphism. Possibly when the 
crystals were heated slowly a change from one crystalline form to 
a more stable one gradually took place, as was evident by changes 
of color, wh:j.le the compound remained in the solid state. When 
the crystals were heated rapidly the melting point of the less 
stable modification was reached before this change could take place. 
The more stable form then crystallized out from the melt. 
No pairs of geometrical isomers were isolated but there was 
evidence, described below, that in the case of the 21-hydroxy com-
pounds the configuration of the 20-dini trophenylhydrazone group was 
~ with respect to the hydroxyl group. 
Another potential source of error not considered by Braddock 
is the fact that the bis-dinitrophenylhydrazones begin to decompose 
before they start to melt. The decomposition products, of course, 
tend to lov-rer the melting point of the mixture and, since the rate 
of decomposition is a function of the temperature, the melting point 
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will become dependent on the rate of heating. 
Two of the compounds in this study, the dinitrophenylhydra-
zones of corticosterone and 11-desoxycorticosterone are of uncon-
firmed purity inasmuch as nitrogen analyses were not done on them. 
However, the characteristics of both of these fit in so closely 
~rith those of the other compounds studied that this fact can be 
considered a good indication of their relative purity. 
The characteristics of the steroid dinitrophenylhydrazones 
can best be discussed by considering them in groups classified 
according to their ultraviolet absorption spectra. 
Group la. The formulae of the compounds of this group are 
given in Figure 15. The physical characteristics of the members 
Figure 15 
Pregnenolone-DNPH Androste~one-DNPH 
HO. _ ': 
. ·,·.,·. 
Dehydroisoandrosterone-
DNPH 
of the group are summarized in Table V. The characteristic of 
the group is that the wave length of maximum absorption is equal 
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to 369 ! 1 m~. The melting points are 249-255 ! 9°C. and 5 max • 
+ 24,250 - 550. These three compounds are the simplest type of 
steroid dini trophenylhydrazones studied. There are no chromoph-
ores in the steroid nucleus conjugated With the dinitrophenyl-
hydrazone and no adjacent hydroxyl group. The compound with the 
highest molecular weight in this series has also the highest melt-
ing point; however, there is not enough data present to say that 
this is significa.:."l.t. There is no difference in the ultraviDlet 
absorption spectra and they cannot, therefore, be used to distin-
guish among members of this group. 
Table V 
Physical constants of steroid DNPH in group la 
Compound Mol. Wt. l max ~ max 0 m. p. C. 
Pregnenolone-mrr>H 497 370 23,900 258-262 
Androsterone-DNPH 470 370 ,24,800 241-244 
Dehydroisoandrosterone-DNPH 468 368 23,700 247-249 
The compounds ean, however, be distLnguished from each other 
by means of their infrared spectra. As expected, the spectra of 
t he members of this group (and the same holds for the other groups) 
are very much alike, but significant differences do exist. Thus, 
dehydroisoandrosterone-DNPH can be identified by the strong peak at 
- 1 1 714 em. , the medium peak at 806 em.- and the relative heights 
-1 
and precise position of the various peaks from 1025 to 1150 em. . 
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- 1 Pregnenolone -DNPH can be identified by the medium peak at 796 em. . 
-1 
and by the region between 1025 and 1150 em. Androsterone -DNPH 
is distinguished by the strong pair of peaks at 909 and 924 em. - l 
- 1 
and the strong peak at 1002 em. as well as the region betv1een 
1 -1 1025 em.- and 1150 em. 
Group lb. The structures of the compounds in this group are 
shown in Figure 16, and their characteristics in Table VI. In these 
Figure 16 
R 
·· ···· 
Testosterone -D~TPH Methyltestosterone -DNPH 
compounds a carbon to carbon double bond in the steroid nucleus is 
conjugated with the dinitrophenylhydrazone chromophore . Both of 
these compounds melt at temperatures below those of Group la . , and 
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again the compound with the higher molecular wei ght has the 
higher melting point. 
Table VI 
Physical constants of steroid DNPHs in Group lb. 
Compound Hol. wt. ~max e max m.p. 
Testosterone-DNPH 468 392 31,000 216-217 red hexagonal platelets 
Methyl testoster-
one-DNPH 483 394 31,000 233-238 red striated platelets 
As can be seen from Figure l the shapes of the ultraviolet absorp-
tion curves are almost identical with that of the compounds of 
Group la. The curve has, however, been shifted by about 23 ~to­
wards the longer "t-ravelengths and the molar absorbance has been in-
creased by about 25 per cent as is to be expected by the conjugation 
of two chromophores. The two compounds differed considerably in 
appearance in the solid state. Testosterone-DNPH was bright red 
and crystallized out in hexagonal plates while crystalline methyl-
testosterone -DNPH appeared orange and was composed of long, rod-
shaped plates which were striated lengthwise. As can be seen from 
Figure 6 and 7 the infrared spectra of these compounds are quite 
different from each other. 
Group 2a. This group is col)lposed of the dinitrophenylhy-
drazones of progesterone, 1~-hydroxyprogesterone, and ~4-dndro-
stenedione. The physical characteristics of this group are sum-
marized in Table VII and their structures are given in Figure 17. 
GH?t 
l 
c::~ 
:.~-
Figure 17 
c. Ha 
I 
c=R. 
Progesterone-bis-DNPH I~·Hydroxyprogesterone-bis- Androstenedione-bis-
DNPH DNPH 
Table VII 
Physical constants of steroid DNPH of group 2a. 
Compound Mol. wt. ~ max e:- max 
Pkogesterone-bis-DNPH 675 382 49,700 
~ -androstenedione-bis-DNPH 647 380 48,800 
11~-hydroxyprogesterone-bis-DNPH 691 382 48,800 
These three compounds have almost identical ultraviolet absorp-
tion spectra. The ultraviolet spectra of progesterone-DNPH and 
~4-androstenedione-DNPH are given in Figure 1. The absorption 
spectrum of 11~-hydroxyprogesterone-DNPH is even more like that 
of progesterone-DNPH than is that of ~4-androstenedione-DNPH. 
Absorption maxima of the group are at 381 mr-~ 1 and € max. = 
49,300 ! 500. From the much higher molecular weights one can 
expect higher melting points than in the two groups so far con-
sidered.. As a matter of fact, all three compounds decompose 
before their melting points are reached. Progesterone-DNPH and 
androstenedione-DNPH decompose without melting at about 285°C., 
while the 1~-hydroxyprogesterone-DNPH melted rdth decomposition 
at approximately the same temperature. Each of these compounds 
contains one chromophore of type la and one of type lb. The ultra-
violet absorption spectra of the present group appear to be simply 
a summation of the spectra of the two chromophores of which they 
are composed. In table VIII are given the molar absorbances of 
pregnenolone-DNPH and testosterone-DNPH taken every ten millimicra 
from 250 to 420. If the absorption spectrum of progesterone-DNPH 
is due simply to the sum of the two chromophores in the molecule 
it should be possible to predict the shape and intensity of the 
spectrun1 by addition of the spectra of testosterone-DNPH and pregne-
nolone-DNPH. The calculated and experimental values of molar ab-
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sorbances of progesterone-DNPH ;fQr. the region from 250 to 420 
millimicra are given in the last two columns of Table VIII, and 
are in excellent agreement t The infrared spectra of the three 
compounds of this group are reproduced in Figures 8 to 10. It 
is readily seen that the spectra of the compounds of this group 
are much more similar to each other than was the case in either 
of the other two groups so far considered. Nevertheless, the 
three spectra can be distinguished from one another. Whether 
this would be possible with other members of t he group is quest-
ionable . These spectra will be discussed in more detail after 
t he remaining groups have been considered. 
Table VIII 
Progesterone 
). Pregnenolone Testosterone Calculated Fonnd 
250 11,200 16,700 27,900 27,200 
260 10,700 18,800 29,500 28,800 
270 10,700 15,200 25,900 24,500 
280 8,300 12,200 20,500 19,200 
290 2,700 11,700 14, 400 13,200 
300 1,800 9,800 11,600 10,500 
310 2, 800 4,700 7,500 7,300 
320 5,000 2,900 7,900 7,800 
330 8,500 4,500 13,000 12, 700 
340 13,300 7,600 20,900 20,500 
350 18,200 12,300 30,500 29,700 
e 360 22_,000 18_,000 40,000 39,000 370 23,900 23,200 47,600 46,200 
380 21,900 28 , 400 50,300 49,500 
390 17,200 30,800 48,000 La ,5oo 
400 12,700 29,100 41,800 40,600 
410 9,200 25,900 35,100 33,400 
420 7,400 21,400 28,800 27,300 
. e 
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Group 2b. The physical characteristics of this group are 
given in Table IX and the structures in Figure 18. All three of 
these compounds have absorption perucs at 386 ~· This represents 
Table IX 
Physical characteristics of steroid-DNPHs of group 2b. 
Compound Hol. Ttrt . A max ~ max 
- - · 
Cortisone-bis-DNPH 721 386 49,000 
Corticosterone-bis-DNPH 707 386 44,900 
11-desoxycorticosterone-bis-DNPH 691 386 50,400 
Figure 18 
Cortisone-bis-DNPH Corticosterone-bis-DNPH 11-Desoxycorticosterone-
bis-DNPH 
a bathochromi.c shift about 6 millimicra larger than one would 
expect. Assum..tng that the dini trophenylhydrazone group con-
jugated vri th a double bond still contributes the same &'llount to 
the absorption as in group lb and 2a, one must conclude that the 
other group no1-r has an absorption maximum at 380 millimicra. 
T:b3_s uould represent a bathochromic shift of 12 InJ'1 half as 
large a shift as a conjugated double bond vrill cause. This then 
must be due in some ~ray to the one structural feature which 
these three compounds have in common and 111hich distinguishes 
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them from all the other compounds in this study, namely the hy-
droxyl group on the C-21 atom. An explanation of this phenome-
non is suggested by the infrared spectra discussed below. As in 
group 2a, there are no melting points recorded in the table. All 
the compounds of the group start to decompose before melting . 
11-Desoxycorticosterone-DNPH decomposed without melting beginning 
at about 266°C. Both cortisone-DNPH and corticosterone-m~PH 
began to melt soon after decomposition started at about 235°C. 
for the former compound and 285°C. for the latter . 
The infrared spectra of' this group are so much like one an-
other, that it v-10uld be extremely dif'.ficult to identify any of 
the compounds by this means • 
Group 2c. Adrenosterone-DNPH has been placed in a separate 
group because its behaviour is · anomalous. Its ultraviolet ab-
sorption maxi..rnrun ~max. 376) is lower than that typical of group 
2a. by as much as the absorption maximum of the group 2b. is 
0 higher. It decomposes without melting at about 290 C. On the 
other hand, its infrared spectrum is much more like those of 
group 2b. than group 2a. 
As one p~ogresses from group la. to 2b . , one notices a 
gradual change in the character of the irifrared spectra . The 
compounds of group la., which are in other respects the simplest 
here considered, have the most complicated and detailed spectr a. 
These compounds are consequently easily identified empirically 
by matching the spectruin of an urilmo-vm against that of a known 
compound. The spectra of group lb . are almost as detailed and 
varied. The spectra of group 2a. , ho1-rever, are very similar to 
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one another . Identifying differences are due largely to the small 
absorption peaks . Almost all the large peaks are common to all 
members of this group and for that matter appear in all the other 
groups as well. These bands, particularly the ones between 
1188 cm.-1 . and 1650 -1 -1 em. as well as the bands at 740- 742 em. , 
-1 l 
at 830 em. , and at 916-918 em.- were found in almost all com-
pounds studied. These may be considered the bands typical of a 
2,4-dini trophenylhydrazone. This situation holds even more for 
the compounds of group 2b. and for adrenosterone-DNPH. Unknown 
compounds belonging to these groups cannot, therefore, be identi-
fied on the basis of their infrared absorption spectra alone. 
The dinitrophenylhydrazones of hydroxy steroids can be 
readily identified as such by absorption peaks in the region 
betvTeen 3400 em. -l and 3700 em. -l. A small peak is present 
in this region in the spectrum of adrenosterone-DNPH. This is 
due to absorbed Hater in the potassium bromide lvindow and shows 
up only because a relatively small amount of sample was used. 
The peak at 3315 cm.-l is due to N-H stretchings, the one at 
3100-3110 cm.-l to aromatic C-H stretching and the one at 2915-
2930 to aliphatic C-H stretching. The last two peaks are very 
useful in establishing whether an unknown steroid is mono- or 
d.i-ketonic. In Table X are listed the ratios of the intensity 
Table X 
Ratio of intensities of alkyl C-H peak to aryl C-H peak 
Monodinitrophenyltiydrazones 
Testosterone 
Pregnenolone 
Androsterone 
Methyl testosterone 
Dehydroisoandrosterone 
4.8 
5.5 
6.0 
5.1 
5.4 
Bis-dinitrophenylhydrazones 
1~-hydroxyprogesterone 2.7 
Progesterone 2.9 
Desoxycorticosterone 3.0 
Adrenosterone 2.2 
Androstenedione 2.8 
Cortisone 2.8 
Corticosterone 3.0 
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of the alkyl C-H peak to the height of the aryl C-H peak, both 
measured from the lovifest point of the curve bet-vreen these two 
peaks. All mono-substituted steroids have a value of 5.4 ~ 0.6 
and all di-substituted steroids a value of 2 . 8 ~ 0.6. 
The infrared spectra also give an indication of the cause of 
the bathochromic shift noted in the ultraviolet spectra of group 
2b. -1 It can be seen that the shape of the pe~~s at 3315 em. are 
quite different in group 2b. from the corresponding peaks in the 
ot.her spectra. The former are seen to be much broader and may · 
even show up as a double peak with a second absorption 1naximum 
at about3240 cm.-1 as in corticosterone~DNPH. This is indicative 
of strong hydrogen bonding. Ramirez and Kirby ( 68} have shmm 
that such hydrogen bonding does exist in compounds of the type 
syn-2-methoxycyclohexanone-DNPH. They also demonstrated a small 
bathochromic shift (~"= ca. 5m~ in such compounds and suggested 
that this effect is attributable to the stabilization of an ex-
cited resonance state. A similar stabilization could take place 
in this case by hydrogen bond formation as in: 
tl 
1 
o·····-1'4, 
/ "\. 4 
C'foft. Jl 
'-c=N/ 
One final observation may be made on the infrared spectra. 
The carbonyl group absorbs strongly in the region 1700-1760 
cm.-l None of the compom1ds here listed, with the exception 
of cortisone-DNPH and adrenosterone-DNPH, show any absorption 
at this wave length. This shows that the compom1ds here isol-
ated have completely reacted . Cortisone and adrenosterone both 
have a carbonyl group at C-11. This position has been shown in 
the past (50, 31) to be unreactive toward 2, 4- dinitrophenyl-
hy.drazine. 
In the experimental section are described in detail the 
findings concerning the preparation of dinitrophenylhydrazones 
of mixtures of steroids and separating such ffii;x:-tures chromato-
graphically. It would appear from these results that chromato-
graphic separation of dinitrophenylhydrazones is more difficult 
tillL~ the separation of the free steroids if the steroids are 
closely related and belong in the srune group. This may, however, 
be overcome by the use of different absorbents and eluents. The 
possible combinations are aLmost infinite and it would be sur-
prising indeed if no method for separating chromatographically 
such pairs as testosterone- DNPH and dehydroisoandrosterone-DNPH 
could be found. Talcum seemed promising in that respect but the 
colu~ could not be made both fast enough and of large enough 
capacity to be practical. Silica columns were not tried speci-
50 
.fically with the mixture testosterone-DNPH and d4-androstene-
dione-D1~H as were the other columns, because the incubation 
mixture previously chromatographed on silica had failed to give 
zones as sharp and yet as quickly moving as those on the alumina 
colwnn finally adopted . Gordon (69) .found a mixture of silicic 
acid and celite to be better than paper, bentonite, silica gel, 
activated alumina or calcium carbonate in the preparation of 
the dinitrophenylhydrazones of acetaldehyde and g-butyraldehyde. 
Several other investigators (49 , 50) have used alwnina to purify 
steroid dinitrophenylhydrazones but not to separate mixtures of 
steroids. The column of alumina made up with benzene containing 
1 per cent ethanol described in the present paper has been shmm 
to be capable of rapidly and completely separating a compound 
of group 2a . (~-androstenedione-bis-DNPH) from compounds of 
groups la . and lb. (dehydroisoandrosterone-DNPH ~~d testosterone-
DNPH) but not of separating the latter two from each other . · 
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Thus, one may say in summarizing that the 2,4-dinitrophenyl-
hydrazones can be of great use in the field of steroid metabolism. 
First , is their value as ru1 aid in identifying an isolated unknown 
steroid. The ultraviolet absorption spectrum will immediately 
place most common steroid dinitrophenylhydrazones into one of four 
well defined groups. If it falls in either of the groups here 
labeled la. and lb., it can easily be identified by melting point 
and comparison of the infrared spectrlli~ with that of a reference 
compound . If it falls into either group 2a . or 2b . , the com-
pound will have no well defined melting poi-nt and complete iden-
tification by infrared spectrum may be impossible. Nevertheless, 
important supplementary information regarding the n~~ber and 
position of carbonyl groups present in the original steroid may 
be obtained. 
The second use of these compounds involves separation of 
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small quantities of steroids from each other . In this regard the 
physical properties of dinitrophenylhydrazones, which have been 
discussed in detail, offer bm distinct advantages over either the · 
free steroids or other possible derivatives . Their main advantage 
is •r.Lthout a doubt their brilliant color . A 10-5 molar solution 
of A4-androstenedione-DNPH has a fairly strong color and a 10-6 
molar solution, equivalent to 65 micrograms per 100 ml . , can still 
be identified. This brilliant color enormously simplifies the 
slow task of chromatography. The fact that one can easily see 
the zones moving enables one to eliminate many time consuming 
and unnecessary steps. Thus, in the procedure finally chosen for 
isolating a metabolite of testosterone the eluent was changed 
directly from benzene to methylene chloride because observations 
of test runs had shown that slmvly changing from one eluent to 
the other by graded solu-t.ions of one in the other only caused a 
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spreading of the zones to be separated with no increased resol-
ution. 
Their great insolubility in most solvents is the second 
advantage these compounds have in the study of steroid metabo-
lism. It facilitates their isolation as solid crystalline com-
pounds and their purification by recrystallization. 
As an illustration of these points the final experiment, 
reported above, was done. 375 mg. of testosterone were incub-
ated with human serum. Dinitrophenylhydrazine derivatives were 
prepared from the neutral ether extract and the mixture chromate-
graphed. A red-orange compound was obtained which was easily re-
crystallized from benzene. An ultraviolet absorption spectrum 
>ms taken and the absorption mrudmwn found to be at 380 m(- This 
put the u..nknown in group 2a., which implies a bis-dinitrophenyl-
hydrazone with a double bond conjugated to one of the two chromoph-
ores. The product decomposed without melting at about 275-280°C. 
corroborating the classification. The infrared spectrum confirmed 
it. The typical peaks of steroid dini trophenylhydrazones ivere all 
present. The alkyl C-H to aryl C-H ratio was equal to 3.1, show-
i ng the original steroid had tli"O carbonyl groups. The absence of 
absorption peaks bet-vreen 3400-3700 em. -l demonstrated an absence 
of hydroxyl groups in the compound. Finally, the absence of any 
-1 
peaks in the 1700-1750 em. region showed no unreacted carbonyl 
groups left on the molecule. The compound was thus positively 
identified as the bis-dinitrophenylhydrazone of a non-alcoholic, 
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diketonic steroid, one of whose carbonyl groups was conjugated 
1-rl.th a carbon to carbon double bond. These combined facts iden-
tified the product as D 4-androstenedione-bis-DNPH. By super-
imposing the spectrum of this product on that of pure 14-andro-
stenedione-bis - DNPH, they v1ere r~~adily seen. to be identical ,. with 
the exception.· of two bands present in the w.lmmm which could be 
due to an impurity. Quantitative detei'Jilinations on this experi-
ment by t he methods of Wotiz ~· (14) shol-red that about 75 mil-
ligrams of the total testosterone incubated were actually metab-
olized. From the kno1-m value of~max = 48,800 it 1-1as calculated 
that 9.6 mg. of ~4-androstenedione-bis-DNPH had been recovered 
from the n~ure, this representing a 6% conversion to androstene-
dione of the total amount of testosterone metabolized. This is 
a somewhat low·er yield than 1-ras reported for similar conversions 
by human prostatic tissue (12). 
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ABSTRACT 
2,4-Dinitrophenylhydrazone (DNPH) derivatives of twelve 
ketonic steroids were prepared and characterized. The steroids 
were chosen to include adrenal, placental and testicular hor-
manes and metabolites of these hormones . It was found iv.ith the 
exception of adrenosterone-bis-DNPH that the DNPH•s could be 
classified into four well defined groups on the basis of their 
ultraviolet spectra and that this classification could be cor-
related with the structures of the DNPH' s. Within each group 
the compounds were similar to each other with respect to their 
melting points, color, solubilities and in~rared spectra as well 
as their ultraviolet absorption spectra. 
Group la. - DNPH•s of steroids having a single carbonyl 
group at the 17 or 20 position, having no double bond conjugated 
.with the carbonyl group and having no adjacent hydroxyl groups. 
The steroids studied were pregnenolone, androsterone and dehy-
droisoandrosterone. These compounds viere yellow, Omax. = 
+ 368-370 mr, ~ max .... 24,250 - 550) and had melting points of 
249°- 255° ! 9°0. 
Group lb. - DNPH•s of monoketonic steroids having the 
~4-3-keto grouping as in testosterone and methyl testosterone. 
These compounds were red ~max. ~ 392-394, £ max. = 31,000) and 
had melting points in the range 216-238°0 • . 
Group 2a. - DNPH•s of diketonic steroids, one of whose 
carbonyl was of the type la. and the other of type lb. The 
steroids studied were il 4-androstenedione, progesterone and 
lUll -hydroxyprogesterone . These compounds were red-orange to 
red (~ max . ~ 380-382, ~ max. "'49,300 :!: 500) and decomposed 
before melting. 
Group 2b. - DNPH's of diketonic steroids, as in group 2a., 
but with a hydroxyl group adjacent t o the C-20 carbonyl. These 
+ 
compounds 'were red-orange (,\max. • 3~6,6 max. = 47,500 - 2,600) 
and decomposed before melting . Evidence from the ultraviolet 
and infrared absorption spectra is presented suggesting that 
in this group the product isolated is one of a pair of geome-
trical isomers, namely the one in which the DNPH group at 0-20 
is syn with respect to the adjacent hydroxyl group and t:b..at the 
bathochromic shift in the ultraviolet spectra is due to stabi-
lization of an excited resonance state by hydrogen bonding. 
Adrenosterone-bis - DNPH did not fall into any of the above 
groups and vras considered separately. It was red-orange 
(~ max. "" 376, 6 max. = 43,6o0 ) and decomposed without melting . 
Infrared absorption spectra of all compounds are presented. 
These spectra indicate >ihether the compound is a mono- or bis-
d.ini trophenylhydrazone, whether the steroid had any hydroxyl 
groups and whether the original steroid had any carbonyl groups 
in unreactive positions, such as the C-11 position. In the 
case of the mono~dinitrophenylhydrazones the infrared spectra 
~vere detailed enough to identify the specific steroid empiri-
cally. 
Results are presented for the separation of mixtures of 
steroid DNPH's by various chromatographic systems. The system 
finally adopted consisted of alumina, previously treated with 
a solution of 1 per cent ethanol in benzene, as the stationary 
phase and benzene, methylene chloride as eluents. This system 
was used to separate a metabolite of testosterone as the dini-
trophenylhydrazone, after incubation with human serum, from 
the un-metabolized substrate. By means of melting point de-
termination, ultraviolet absorption spectra and infrared ab-
4 
sorption spectra this metabolite was identified as A -andro-
stenedione,which is in agreement with similar results previous-
ly published. 
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